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PREFACE 



Iir November 1973, the National A^onautics and Space Administration , 
;(NASA) asked, the 'National Academy ^of Enginierin^V to conduct a summer study- 
of future 'applications o4 space Systems, with particular emphasis on practical ft 

• approaches, ^^ing into consideration socioeconomic Ijenef its, NA^ asked 

• thaj: the 5tudy also consider how^ese applications would influenc'e d/be * 
influence 1>)r the SpaQe Shuttle System, the principal space transportation 
systeta of the jL980^s. . In December 1973, the Academy agreed to T)erf rflin the 
study and ^assigned the task to the Space Applications Board (SAB).^' 

* / In 4Aeyummetrs of .}^67 and 1968, the l)(ational Academy of Sciences* fiad 
conyened^a group -of eminent scien^sts and engineers to' determine what, research 
-and development .w^ necessary to permit the e^loitation of useful- applications 
Qf earth-oriented sat-ellites. The, SAB concluded that since the nXs study, 
^operational Heather and communications sittellites and the successful first ' 
>eax of use of'fhV experimenta^J: Earth Resoifrces Technology Satellite ha« demon- 
's jfcr^jted conclusively a technological capfebility-^that could form ^ ^foundation 
for expanding the useful applications df space-derjtved information and services^-' 
^d that it wa^s now necessary to obtain,, f^om a broad cross-section of jjotential 
us^rs, new ideas and needs that mi^t* guide the dfeveldpment of future space 
systems '^r practical appld cations. ^ * \ - . 

After discussions with KASA and other interested^ federal agencies, it 
vras agreed that a major aim of the '"summer §tudy" should be to involve, and 
'to attefiipt to understand the needs o^", resource managers aiid other- decision- 
.aakers who had, as yet only considere^d "space systems as experimental ratlier 
^'uian-asyiisefal elements of. major d^y-to-day operational information aAd service 
systems. Under the general direction of .the SAB, then, a representative group 
o^i users And potential* us ets conducted an intensive two-week study to ^e^Qpe* 
user nee<^ th^t might be met by informatipiv^or services deriveci from eartli-^ 
orbiting satellites. This work was done, in^ July 1^74 at Snewmass*^ Colorado.^ 

^ For* the stAxly, nine user- oriented, pan eds were formed, cibmprised of present 
or potential public and private users, including businessmen A state and local 
government officials, resource managers, ai^d other decisionyfeakers. A number 

— — ^— • • '• /■■■ ' ' 

♦Effective July 1,*1974, the National Acadeny of Scj.^nces and .the National 
Acadeny of .Engineering reorganized the National Resfcarch Council into eight 
assembUes and commissions. .All National Academy ^of 'Engineering program units, 
including the SAB, became the Assembly of Engineering. sr 
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of scientists and technologists also participated, .functioning•^^essentially 
as expert consultants. - The assignment made to' the panelSsJincliKied reviewing 
progress in space applications nnce the NAS studyHf 196^* .and defining user 
needs pot§n"t^,iy capable of be4ng met by space- system appli.cart?ons. User 
specialists, arawn fron> federal /^tate, ^rid local governments and from business 
and i^dustr>', wert irapane-led in the, following fields: 



In addi 



Panel 

Panel 

PaneL 

Paji^" 

Panel 

Pauel 

Panel 

Panel 

Panel 

tlon. 



Weather and Climate 
Uses of Communications 
Land Use Planning \ , . 

Agriculture, Fewest, and Range- 
{nland W6ter Resources 
Extractable Ra^^rces' 
Environmental Quality • . . 
Mar^e and Maritime Uses 
Materials Processing in Space 



to study the socioeconomic benefits, the influence of tech- 
nojiog>', ^and'the interface with space transportation systems, the fallowing 
panels (terried interactive Ijanels) were convened: 

t J' 

Panel 10: Institutional Arrangements * 7 . • 

•Panel 11:' Costs. and Benefits . ' ^ " - 

Panel 12: Sgace Transportation 

-Panel 15^^-^^formation Services 'and Information Processing 
Panel 14f ' Technology 

" s ■ . - * • 

As a basis for their dediberations, the latter groups nsed needs expressed 
by. the 'user panels. ' A substantial amount of interaction >*ith the user panels 
was designed inrtp the study plan* arid >as found to^ both dfesirable and neces- 
sary ' . , \^ * , ' ^ 

The major part of the study was accqpnplished .by the panels. The* function 
of the SAE vi^ to review the work of the panels, to evaluate their findings, 
and to derive from their work an inte^grated set of major concliisions and recom- 
mendations. The" Board ^s findings; which include certain significant recominen- 
Viations from the paijel reports, as^well as more general ones arrived at by 
considering the 'work of the study a^<a wliole, are co'htaiRed in a report pre- * 
pared by the Board.** ' . ■ ' ' ' ' / 

It should be emphasized that the stiidy was not designed tQ make detailed 
assessments of^ail of the factors which should be considered in establishing 
priorities. 'In some cases-, for example, optioT}s other than spacQ systems for 
accomplishing the same objectives may need to be assessed^ requirements for ^ 



*National Research Council. Useful Applications of Earth-^Criented Satellites^ 
Report of the Central Review Camittee. National Academ>' of Sciences, 
Washington, D,C., 1969. ^ 
Space Applications Board, • National Research Council. Practical Appliod,tions 
'pace* Systems. National Academy of Sciences, Washington, D,C,, 155^. 
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institutional or organizational support may need tQ*be appraised; ''multiple • 
' uses of systems may need to be evaluated. To athieve the most efficijent 'and 
economic returns. In some cases, analyses of costs and benefits will be needed. 
In' this connection, speeifix: cost-benefit studies were not conducted as a part 
of the two-w*eek study. Recommendations for certain such analyses, .however, ' 
appear in the Board's report, together with ^recommendations designed to provide 
an improyed^b^is upoiv which to make cost-benefit assessments. 

.In Slim/ th^ study was designed to provide an opportunity, for knowledgeable 
anxi experienced user^, exj>ert in their fields, to express'^heir needs/for 
information or services which might (or mi^ht not) be met by space ^stems, 
and to relate -the present ctnd potential capabilities of spaee-^ysteras to their 
needs. The 'study did not attempt to ^examine in derail the scientific, techni- 
cal, or economic bases for the needs, expressed by the users. . 

T}\e SAB was impressed bj^ the quality of the panels '"^work and has asked 
that their reports be made available as supporting documents for the Bo^d*s' 
report, hliile the* Board is in general accord with the panel reports, it does* 
not Tiecessarily e;idorse them in ^very detail. 

The conclusions and recommendations of this p^el report should be con^ 
sidered 'within the context of the report prepared by the Space Applications 
Board. The views presented in the panel report represent the general consensus 
of the panel. Some indivitlual members of the panel may not. agree with eVery 
conclusion or recommendation contained in the report. 
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INTRODUCTION 



During the 1974 Sumraef^tudy on Space Applipations, the Panel on Weather 
•,and Climate undertook a review of existing operational 'and' R§D programs. The . 

Ranel was impressed with' the Existing -systpius 'and the degree to which they have 

become an ii^tegj<aj part of the meteorological program in tfie United States. ' ' 
^Low-a^itude and geostationary satellites' pjpvide timely and essential data ito 

the' Qpe rational*- forecasts .of ^he Natic^al Me<:eorological Center; ^ carefujly 
, considered R§D pxogram is directed toward tlje long-rtoge improvement of the 

operational system. Th^. National Aeronautics ^and Spade Administration (NASA)^ 
'and the National Oceanic ^d Atmospheric Administration (NCAA) are both to. 

be congratulated' on the success -of the meteorological satellite program; 

In the field of meteoro^gyr, the existing space applications program has 

been consti;uctiveiy responsive to national initiatives. One ^et of goals was 

advanced by. the Panel on Met eorol^ogy. during the 1967-68 Summer Study op Space' 
* Apj)licatf6ns** The reconpiendatiohs prepared during that study foUou*, together 
^ with an»indicatipn of tteT Current status of- each: ^ 

* ^% The ceatjar'*r§Wmmendation.qf the ia&7-68 report called for NASA- 
to . .contiijye" to direct Its'meteorQlogical satellite program to ^neeting the- . 
observational requirements* qf GftflP "(Glob^ Atmospheric^ Research Program) and 
the World Weather Watch programs....'^* Tt> implanent this pj^ogram, and , parti cu 
larly to support the Fii:s-t GARP GlQbj^Experiment^ CFGGE)yit was propose^ to 
develop, gn integrated space-based system to provide global coverage in the late 
1970*s fox synoptit-scale forecasting.*** liiere wer§ to be .four. geostationary 
meteorological satellites and one, or two'sun-synchronoys near-^rth satellites, 

r with , associated ground (opean buoy) a^d airbomV Cball^ohT platforms to be 
interrogated from space ^ - . ; ^ ^ • • 

It %s now planned thSf there will be five geostationary satellites * 
• in operation by %arly 1978, two of whidi ^e to be operated by theJJ.S. 
(the first was su^ess'fully put into operayiori in May 1974), one b/ Japan, 
one by the EuropeS^ Space ^^gency (ESA) aWd one by the U.S.S.R. T^e techni- 
' cstl pharacteristi^^ of thfese sat??llites are being* coordinated for optimum 

■ ;. . 



*h3atiotial Beseardi Counpil.^ VBeful Applzfotims of.Earth-OHented Satellitesj 



Beport of the Panel on Meteorology CPanelj4). National Academy of Science^-, 
^Washington, D.C.,|,1969. - a ^ 

**Rep6rt of the l^anel on Meteorology^ p. 5. * ^ 
***tSee Table I (g^. 5) for definition of meteorological sc^l^s. 
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compatibility of the information produced and for data-relay capabilities. . 
Two sun-synchronous near-earth satellitej^ith •advanceii sounding systems and 
platform-location and data-relay capabilities ar^ scheduled for launch in late 
197" and early 1978. Instrumented drifting buoys > -const ant -level balloons, and 
large carrier balloons wdth wind-finding dropsonde tlispensers are under active 
development; extensive field tests will be carried out in 1974-75' in conjunction 
with the NIMiUS-T satellite. Costs aire anticipated to be within thos> recommend- 
ed* m the 1967-68 study in o'rder to make these techniques economically viable." 
The first reccrneridazion of the 1967^68 study 'is \earing fulfillment. 

2. A second major recommendation called foY the iievelopment' of a fully 
integrated meteorological geosynchronous satellite tO'be available by 1971: 
Both visible artd infrarjed images *were' to be displayed in real time, and equipment 
was called for which would be able to present time-lapse views of the images.* 
The NASA* and NOAA Synchronous Meteorological Satellite (S^IS) and 
^Geostationary Operational Environmental Satellite (-GOES) series were inaugurated 
in May 1974 with Hi0i-resolution visible and 'raedium-resqlution infrared (IR) 
imaging capability. The first satellite is performing to specification, A 
e limited o]pratioual ground display system has bee^ developed atid'iBplemented,« 
and equipment for high-resolution display and picture productioi/ is also opeij^t- 
ing -on ^ experiJIntal basis - Various methods of titie-lapse disf)lay of images 
have been used or a^re in process of development. This reccpmerJation ^has been 



l^lenenzed. 



5. A thira recommendation .catled for IR and microwave v^t^cal -Jtemperature 
' soun^e^rs to be ij|a|^d on both polar-orbiting ^d geostationary satellites* ^d to 
b^e capable of satisfying known data requirements fpr synoptic-scale numerical 
veather forecasting. . ' ^ \ f ' - 

The IR souijders ar< in operational use on poiar-orbiting satellites, 
hewever, the accuracy of temperature measurement is not adequate: errors average 
^betwee^^^^^P -and 3**C compared ^ith a requirement of 1^*C. A microwave sounjder was*' 
flown"*4utc£?s fully on iNIMBUS-5 and it is planned to include microwave sounders, 
alorfg"* with advaijced IR sound'^rs ^more dfannels and higher resolution) on a, n^ 
operational s'eVies of low-altitude satellites starting in 1977-78. IR ai^i micro- 
wa\'e sounders, have not yet Heep<Tlown on g,eostationary satellites. Thus^ the 
vnplenentation of this r^poynendatton is still inconiplete* 



4*. ,The final two re.4Qnimendations of the 1967-68 s*tu5y dealt with develop- 
ment of light-weight, 'safe, low-cost meteorological packages for consf ant-level ^ 
balloons, and for techniques of sounding the atmosphere* through clouds by*use of 
microwaves. . The required developments are eith^ proven or about to be tested^ 
and the butlcfok is-veyy positive for useful operat^iQ^l systems. 



♦Report oruhe Panel on Nteteorology , p, 5, 

1 



In some other areas the meteorological slateLlite program has moved mpre 
rapxdly than c^ild have^ been- anticipated in 1967-68. For example, data trans- 
mitted by geostationary*" satellites are novv .being used Operationally by NOAA 
to* determine atmospheric winds. Thi^s technique, which was not foreseen in 1967, 
has proven to be valuable in the preparation of weather forecasts. 

It, has already been noted that developments in the meteorological space ' 
applications program have been closely coordinated with the objecti\'^ of the 
Korld Vfeather hatch jj^rogram, .especially GARP, Detailed plans foi; a Wteorolog- 
ical Global Observing System are being readied for FGGE. Nfuch of the current 
high-priority R&D in the meteorological space applications program is being 
, undertaken to contribute to the succesSrof FGGE. 

Itf is important to note, however, that the goals of meteorology are broader 
than the assessment of the feasibility of extending synoptic.-scale forecasting. 
A major' statement of these^goals was set foi^th in a report published by the ^ 
Cosimittee on Atmospherfc .Sciences of tKe National Academy of Sciences.* These 
-goals were (1) to extend useful forecasting capability, (2) to contribute to the 
development of the capability to manage and control £he concentrations of air 
pollutants, (3) to establisfi mechanisms for the national examinations of delib- 
erate and inadvertent means for modifying- weather ^nd climate, and (4)^<o reduce 
social, economic, and human ^losses caused -by weather. * ' ^' 

^ The recommendations in the present study deal explicitly with goals (1) 
and (4). They also deal with goals (2) arid (3)* in areas where the monitoring 
' of associated meteorological parameters from space has contributed to the 
development of^seful management or modification techniques., • . ^ 

*r • , % . - 

I . 
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SPACE APPLICATIONS TO METEOROLOGY ' 



• Space and timje scajes of motion in operational meteorology range over a 
wide spectrum froiji- Ibcal, transitory weather phenomena to globil, climatic 
changes, as outlined in Table 1/ ' ^ 



Scale 



Tabl^ I J^ge of Meteorological Scales 



Approximate Time Scale 



Approximate Area 
of influence 



Local presei^ weather ' 
Short-range (mesoscale) 
SynoptriC 

Long range and climate 



0 to* 2 hours 
2 to 12 hours 

1 day to 1 week 

2 weeks or more 



150 km 
1000 km 
Hemispheric 
Global 



The observational methods and the prediction techniques vary markeiaiy * 
* throughout the rang? from the smallest to the largest scal^. 

PRESENT-htATHER DISPLAY 

In its 1971 report, the Coknittee on Atmospheric Sciences of the National 
Academy of Sciences placed a high pfiority on the development of comprehensive 
systems for monitoring present weather,' with the information being madd continu- 
ously available to broad cstegQries of .users.' Input data might be derived from 
satellite and radar observations and from a network of low-c<ist, unmanned 
weather stations interrogated by computet. The combined output could be dis- 
tributed to the general publjLc and other users • by television or other communica- 
tion systems. ~ ^ > ^ • 

'Inforaatiort bn locali:^d weathter for" periods of up .to 2 hours is becoming, 
increasingly important to the decision-making processes of a wide variety of 
users. Additionally, the displa>'^fej^cal^ present weather is vital in alerting 

k * 4. ^ 
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the public to hazardous weather. Space platfoms offfr^ practical source , 
of data for the timely display of present-weaoier.infonj^ation and a possible 
vehicle for the rapid dissemination of warnings. ' . 

The wide demand for present-weather data has been ^enionstrate4^ by the 
extensive use of the Automatic Picture Transmission !(AWty system, now' part of 
the .NjOAA satellite series. Over 1,000 users purchas^for const^cted specialized 
'ground equipment in order ^to receive these pictures This represents a voluntary 
expenditure of approximately $10 million. Since' thijfe' Ueather data is obtained • 
from 'low-altitude satellites, it is available only t^ice dkily. The continuous 
flow of data from geostationary satellite systems would increase manyfold the 
utility of present-weather information. * • ' 

FECC'^EliDA2IZIi - The PoKel on Weazher and Clinate TeaorrreKds the develop- 
reKt sf a Icrj-cQ^z readouz syster-fro^i three-a:cis-sUibilized geostaziortary 
sazelZizes for the^ disptay of local present veather in real time. This could . 
be parz zf a broad' presenZ'-v^ather inforrazion nezvcrk,^ To test the effective- 
ness cf such a syszer,^ the Panel reaornends j^hat a present-veath-er pilot 
pro^^az be uyjd^ttzaken in a ^ecrloyi that includes both urban and "rural areas. 



SHORT-R.ANGE^ FORECASTS 



A simple extrapolation of the movement' of small-scale-leather systems', 
such as thunderstorms, will usually ^rovid^ a 'successful weather forecast for 
only^a short period of time, generally 1 to 2 hours*' Beyond this, it wilUb^-^ ' 
neces5ar>' for meteorologis-ts to devise foreca^ing methods to m:odify extrapola-/ 
tion. " The result will be to change in an appropriate way projections gf 'th^ 
direction of moti6n, the speed, a^ the rate of- development of existing weath^er 
systems. With the addition of nevf|^fecas ting, techniques, it is probable that 
forecasts call be effectively extended to a range of from 5 to, .6 fiours. ' ^ 

• In developing these fgrecastfhg tecrfhiquea,- it will b6 important to have 
information about the vertical structure of the atmosphere in^patticulit local ^ 
areras where shott-t'erm forecast?- are to be prejiared. An IR-s'ounaiiig capability 
from a geostationary platform would be an effective way of obtaining sach data. 
The aftidi^tional provision' 6f three-axis-stabiliz;ation would iinprove by oQe order 
of magnitude the time available for observation and therefore would greatly 
enhance the capabflity of the system. ^ 

•E?:tending forecasts into the 6-hour to 12-hour range will be a mpre • 
difficult problem an4 will require increasingly sojAisticatAl models and more 
exteasiye obfen'ations, especially in the planetary boundary' Tayer. Vafrious 
experimental studies on this time scale will need to be undertaken. NOAA has 
re^ntly begun to develop^ piahs for a Severe Environmental Storm and Mesoscale 
Experiment (SESAM) to be* tarried out over a 37year period beginning in 1977 
or 1978. Satellite support of Siich experirjental programs is, of cpurse, highly 
.desirable* . ' , * 

cccoabi Z- 
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SYNOPTIC FORECASTS 

The synoptic-scale dynamics of the atmosphere are becoming bettisr under- 
stood •through international efforts'such as GARP. These and similar efforts 
*have made it possible to simulate the general characteristics of the global 
circulation* of the atmosphere by nunerical. models for periods of 1 week or 
longer. Hemispheric operational versions of such models, which have more demand- 
ing data requirements, .have led over the last 15 years to an extension of the» 
effective predictability of synoptic-scale' weather from 2 days to -3 days and 
have permitted the National Weather Service to provide general oiftlooks of thfi 
. weather 4 and 5 days' in advance. ' • • - , 

To ext^id synoptic forecastihg capabilities to^S-days or beyond within 
the next decade, ^ world-wide atmosphere-ocean pbservfng system is an absolute 
necessity. 'By the early 1980* s GARP results/ should give better insight into 
the possibilities of extS^ing s^optic-scale forecasts beyond 5 days and will 
also provide a critical assessment of ilie pbservational ;s:«quirenfents necessary 
to suppprt such^^tepded foi'ecasis.' - \ * * 

TTie, costs associated with\dpefating' a global iV&id-ocean-based synoptic 
ofej5^rvatj.on network .are proTaibitively high, ow the order of $1 billion ot* more * 
per year. It is obvious tha^ a mo^^e effective 'alternative is a mix of existing 
land-ocean-based observation^ and those ,from^ ^satellite system; this mixi^d 
"observing system shoyld be capable of monitoring the atmo^here to measure the . 
vertical temperature and humidity structui^e, ^the distribution and motion of 
^clpuds CfroKi which atmospheric winds can* .be 'determined) 7 and sea-surface tempera 
ture. ' An .extensive data^relay capability for remote, eaprth-based automatic*", 
stations IS" also^ required. 



RECOl^l^UDATIC/S r 7ke Ponton Weatheir and Clirmte reaomends (1) continue^ 
support^ for GAR? in order to assess the possibilities of ext&nding ^ynoptih- ^ , 
scale forecasts; (2) continued R&D^e^for*t to irrprove temperature and ftimidity 
so^^ingSj neasurenej^ts of sea-sia^dce terperatz^res^ measurements of winds using 
cZcud displacements in order to meet the acci(raay and resoli^ion reqidrenents 
set forth for FGGE in 1978-79^ and (3) continued B&D 'effor.ts to^j&rd the use 
of space techniques, to provide vind profiles in the equatorial zone viih better 
vertical' resolution than is nov possible by cloud^tracki^ng methods^ inasnuch 
as the Piixed balloon' and satellite pbserving subsy^te^ planned for FGGE may 
not lend itself to operational ^lse. ^ ' 

LONG-RANtE h-EATHER AND CLIMATE PREDICTION 

It now appears that' the ability to predict detemdnately the state of the 
atmosphere cannot be extended beyond approximately 2 weeks. Hence, the ability 
to make longer-range forecasts, if possible, may have to be handled in a statis- 
tical manner. This implies that meteorology" will have to develop a different 
set of mathematical and descriptive tools if it is to'^attack the problem of long 
range weather and climate prediction. This effort is noy in its infancy. 

A treatise is not undertaken here concerning the vital import^ce of the 
ability to predict weather on the time scales ofmonths, seasons, and year^. 
Suffice it to say, the consensus of the Panel is that ,this capability is desper- 
ately needed by a'grDwing Ci\*ili2ation that has seriously strained its food 



ERIC 



9^- i. o 



« 



applies, natural resources, and distribution systems. Substantial efforts in 
long-range weather and climate prediction must now begin in order to aid man 
in coping with the consequences of climatol6gical vagaries (e.g. , .failure of 
; food and fiber .crops) ^ 

•llie deveiopiiient and application, of a aethod of long-range weather and 
cliMte predaction require a comprehensive understanding of the interactions *' 
of the land-air-ocean system. In order tiO elucidate these interactions, a 
^capability jiuist be developed to observe all ii^portant aspects of this complex 
"system. Fortunately, mariy of the necessary observations are now or will soon 
be taken on *^^Tourine, operational basis (e.g., atmospheric temperature "^pro- 
files, wat^j-vapor content, snow-ice co\^er, and cloud cover). This fortuitous 
circumstance is- a direct result of satellite capabiUties developed for GARP. 
Hov.ever, some necessary observations are not now being obtained. For instaiUe, 
.thexe.is a need to monitor the energy budget of the earth, for it is the net\ 
•energy (mconing niinus outgoing) that is available to drive theisystem. For 
the same reason, the surveillance of the world' ^ oceans must be greatly in- 
proved,, for their, great heat capacity' and inertia -have an importance influence 
' on the ' atmosphere. Thus,^it is important to know the heat content and field 
.of motion of the nixed layer and of^^he isurface, winds . 

./ Thq parameters that characterize the climate of the land-^r-ocean system 
must observed on-a global basis over time periods ranging from years to' 
decides, buch obser\'ations are perhaps thp key to development and verification 
► of^prefiictions of climate. Satellites and related systems offei' the only cost- 
eff-ective nope of obtaining these data but, because of the requirements for • 
longtime records, stringent demands will be imposed on sensor stability, l^eli- 
ability, an<l:calibration. Tht huge amount of data to be collected 'require^ a, 
data^-management^capability that is not now in existence, ^ee section entitled 
'DATA NLANACEiENi," page 17.) Finall>\ it must be noted that e"ffecti^^e pursuit 
of a climate pr^dicl^ion capability will require an explicit management commit- 
$eht at. the highest level of governmfeot, ' ; 
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r^CC!^2-E::DAri^SS - The 'Panel reccrr.ends that (Da program of measuring 
tne giccal i^^tatton budget mst be instituted as soon as possible; this rnusi" 
zK^lud£ lang-tei^. r'easurer^ents af solas' radia^ion^ alBedo^ ^ terrestrial. IR 
erzsszcnj (c) ooean-^nonitoring capability PTust,be greatly irrp'roved; niahest^ 
pin^rtfy should be giveri- to .^^easur^ent of the heat content and field of. motion 
of tne nixed layer' and of supfa^ wind; and (Z) quantitative surveitlanoe of 
tne a^.osph^rto acnstituents\thMt play a role in the alobal radiation balance ' 
nust be instituted. " • 
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APPLICATIONS TO FIEl^DS OTHER THAN METEOROLOGY 



The close and effective c9oper^tion between NASA and NOAA has ifeen largely 
res^6nsil)le for the development during the past several years of an extremely 
successful environmental satellite ^system. Nev^heless^ the Panel. recognizes ' 

. that thif coot)eration has resulted ir <an alj iost? exclusive focus of attejition •on 
defining sensofs and using satellite data, for y6perational synoptic' forecasting, 
NOAA is in the unique position of being the c/llector., ^^e disseminator,, the 
archivist, and the principal user of s^telli/e meteofolqgical data. NOAA al^o 
defines meteorological requirements for opeAti^aal ^atell^te systems. ,This 
situation has resulted in the efficient user of satellite w^ther.data-.for fore- 
cast purposed, but in minifaal use of these data by other usei^'for o^er purposes^ 

: Disciplines in which meteorology is an extremely, important col^onent (such 
as environmental quality, agricultural neteorolog>-, hydro^gy, and oceknography) 
could benefit from available satellite meteorological data in their research , 
and operational prograitis. In additi.oh, these data could be used effecti;Vely by 
inciust3r>- and commerce^ Indeed, the potential economic benefit .of the-use of 
meteorological data for such purposes may equal or exceed their. use for forecast 
purposes. * * ' ' ^ o • 

Jhere^is a substantial need for the development of sensors to measure para- 
meters important toother users; for example, the amount , ^nature, and intensity * 

•of precipitation.; soil and snow moisture content; and sea-surface temperatures 
and winds. None of these data cah be obtained with the required accuracy from 
existingv sensors. >X . ■ % - . 

Scie^ists>3ta engineers in fields in whi:ch meteorological and climatologicaly^ 
factors arfe-4flfortant should also have greater voice in the formulation of 
requirements for meteorological data and. sensors as well ^as in the management of 
operational systtos. Some appropriate mechanism must be found to focus needed 
attention on such requixemients without losing the benefits of the present plose ^ 
cooperation between NASA and NOAA. . * • • 

RECa-S^ZNDATION - The Panel reocnneyids thai fox^l mechanisms be established 
to bYHxideK the utility of the mateo^ologi^l satellite program. The hioadening 
shcul^ provide for participation ^ik program plamvin^ by users of meteorological 
data ZK such fields as agriculture j transportation^ hydrology j and oceanography. 
* The operational Ketecrological systerr, should also be responsive to^tke n,eeds of 
*&uch discipline^ for real-time data. ' • ^ . 
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HIGH-PRIORITY NEEDS WlTHIf^ PRESENT SYSTEMS 



. e3{$-ensrive "fiSd^^^^grani^ support of operational weather satellites is 
already; in'existenc^^Riis w*ograni has been thoughtfully constructed over a 
•period of many years'^^ a capable, dedicated group of meteorologists and 
engineers ?^^L:,5ubs tan t^^^ groyp of R^-D initiativ^i is well under way; others 
are uijjdex consi^Ieratf^. - * , r J^v 

In these circumstances;'; it would be surprising' indeed^ if the Panel on 
Weather and Climate should find' major deficiencies^ in the jjrogram as a result" 
of |:his^comparatively limited 'r'eview. Many of the' follow^ing* recommendations 
are, tii^refore, designed to. emphasize high-priority *needs in areas where work 
is already under way. It is clearly recognized that many of the recommendations 
will require an extensive R&D commitment over an extended period of time.* 



INJPROVED SOUNDING OF THE ATOOSPHERH . ' ' • 

The primary Qontribution of -operational satellites to weather forecasting 
is the determination of the vertical structure, of the atmosphere, especially 

^ temperature and humidity. Present soundings indicate the temperature struc- 
ture with an accuracy of about 2'*-C or 3^C; an accuracy .appi^oaching that of radio- 
sondes (about l^'C) would, be more useful*. ITie resolution of present satellite 
observations in, clear air is approximately 40 km,' a' figure satisfactory for 
synoptic forecasts. 

However, difficulties are encountered when subst^tial cloud cover exists. 
.The use of^ microwave sounders witl to a considerable extent overcome these 
p*toblems. 'The successful operation of a non-scanning microwave sounder on 
NIMBUS-5 opens trte way to development of a combined IR and micrbwave sounding 
^ system and,^ indejid, stfch a* system is being developed for operational use. 

■^^^either' the IR ^rfr the microwave sounder, however,' locates temperature inversions 
wpll, especially the iiq^ortant inversion at the tropopayseW'the boundary between 
the troposphere and the stratosphere). A liinb-s canning Ik sounder is being 
prepared for launch on ,NIMBUS-F in late 1974 A test of this instrument' on ^ 
a balloon flight has prov^ its ability to locate the height of the tropopause' 
and to obtain an accurate temperature grofilij. 

Kith respect to hiamidi^y profilfes7^the total water vapor in a column is 

^^measurable to about 20% accuracy by present vertical sounders, and a future 
sounder will include, two channels for watejr vappr determination. By 1978 it , 
should be possible to construct a crude tw;o-parameter vertical profile with^ 
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an accuracy of 20% to 30%. .The sounding, however, will be limit'%1 to the iiiidd^* 
and lowex troposphere, since 'the. upper troposphere is too dry to emit adeqi5i^'e'>'^ 
signals in this band.- A limbr's canning sounder ©ay make it^possible to extends 
the humidity profile upward from\the middle trdposphere 'to the stratosphera* 

^P£CO!^zENDATION - The Panerl ^^ecamends that the vertical temperature sounding 
capability be ^improved to apprt>ach more clasely a I'lC accuracy requrirement. 
The Panel strongly supports the concept of ^a' combined IE/ and ipiarouaoe sounder ^' 
for future operational systens\and recommends that the possibility ,b& kept open ^ 
of adding limb^scanning sounders as veil. ' 



IMPROVED GEOSTATIONARY SATELLITES * * 

Geostationary meteorological satellites will become increasingly important* 
*in thfe operational meteorological system. Observational coverage is virtually 
continuous. These satellites are ideal for ffequent monitoring of such phenomena 
as local severe storms; generally, these platforms are capable of repeated and 
detailed examination of portions of the earth's atmosphere which are of 'particu- 
lar interest or concern. Data from geostationary satellites are of key 
impprtance to^ synoptic forecasts; ^uch in^rmation will ^Iso be valuable in the 
display of present -weather information to a wide variety of users. * , V 

Four important improvements should be ma^ein the geostationary satellite* * 
system: " '. ^^Zi? ' , ' . 

•IR sounders should be incorporated into the existing satellite * / 
' sjjstem as soon as possible. ' , 

V Threa-axis-stabilized geostationary satellites should be used \> *\ 
,v . to rfeplace the existing spin-stablized operational satellites. 
.^.'Riis itaprovemeat^y^cfuid make it*possible to view/th* earth ^ 
;c^tinuously, witk a gain in viewing efficiency by a factor of 
i^^to 2D. , . ' . . 

\ * ^ • • ^ 

Microwave sounders should be addfed to three-axis-stabilized * 
^ geostationary satellites^ as ^tfon as possible* ' ^ 

^ * # 

A low-cost local peadout system should be developed to bring ^ 
the information directly to many users, public agencies and ^ J 
private orgafnizat ions, . , * 

tSCOl'U'EI^DA'^IOli - The Panel recormends that high-priority be giver] to a [ ^ 
lono'-tem R&D effort to provide a nev gerieration of geostationary satellites. . * 
These imvoved satellites should be three-axis-stabilized^ have phe clxpability 
to viev\^lectively sectors df the earth^s diskj be provided, with a, loD-cost , 
local reis^out system^ and Cnccjrporate advanced capability in temperature and< 
humidity^ sounding. . ' . 
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OPHRATIONAI^' RADJ AT ION- BUDGET OBSERVATIONS 



Preparation of svjhoptic fo^^SSlts. ap^d climate predictions requrres- substan'-l, 
Ually improved understanding of the radiation budget of the eatth AsMSget- 
deteOTixmion include/5 the' measurement O'f solar radiation, the determination of 
the earth's Albedo, stnd the measurement' of outgaing IR emissions. These measure- 
•dents win ulti,niatel;y be used to establish parameters^for the., energy budget iji 
terms ^of- other m^surements of the ste^e^of the atmosphere, such' ^s the nature 
and distribution 'of cloud cover and -tB| vertical istructure of ''temperajt^re ajid 
huntidity. - . - 

Considerable. work has already been undertaken in the development of. the ' 
necessary sensors, -and experime'iital determinations of the earth's energy budget 
ftijl he taken from, NIMBUS-F . >iouever, accurate measurements from space of the , 
earth's 'radiation. balance vill not be Achieved easily. A host of 'special prob- ' 
lems exists, such' as the effect of viewing angle on albedo measurements. ' In 
additi6n, t^e use 'of . polar-orbiting sun-synchronous satedlit^? Kbuld introduce 
co^isistent (diurnal) errors into jhe energy-budget deterlniriat;iai?. Th« elimma- 
vtion of such problems will ^equije particular care, ' . ^ 

^ " • ' ' \ " ' \- * 1* 

FzX^C^EjDATIC^^ - The Fanei reoor^ends thai dn operational capability to 
reasure tne radiation budget of Khe earth be developed as quickly as possible. 
St-uaies^ shcul^^e '-uryiertak^n to detemrine the kind of muitipte-satellite^ 
^uErtp:^^-cri:tV>tf^t^ required to obiain good ^^mplings of^ local times and of 
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e angles^ to<pemit accurate ^termination .of^the averagi planetary 

Ide long-tern 
measurements. 



alcedo.^^^he, o^er^tiorjil system must provide long-term ,( that is^^ ov^r decades) 
continuity akd consistency of radiation measurements. 



MONITORING cfCEANS 



. . -The ability of the oceans to. store, redistribute, and release heat makes 
\hem a prime factor in climate prediction. ^It is theVefore vital that the sea- 
surface temperature and the h^at content of the upper layer of the ocean be 
'observecl routinely. Also required are estimates of sifrfa'ce winds over the bceai^ 
and of near-surface currents. These data are vital to the development; of models" 
of climate. ^ - ' ^ • • . 

^ Present. measurements of sea-surface temperature, while encouraging, are not 
^ccurat^ erfpugh to be of major use. Ho^eVer, future .system improvements'^ promise 
tp provide. the accuracy required. 'Considerable Qffort mu§t be expended to 
develop a wind-nieasuring capability. .The estimation of near-surface currents 
poses an even more difficult problem that has yet to be addressed. 



^ RECO!^'!E!:da!:ICIJ - The Panel reoormends that an operational capability be ^ 
UKdertaken as quickly aS possible to measure alimatiaally important oceanic ■ ^ j 
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. MONITOR^LNG-ATMOSPHERIC- CONSTITUENTS, ' , | 

' \ ' PARTICULATE LOADJIJG, -AND AEROSOLS ^ ' ' x • 

Theoretical studies have indicated that changes in the^coijtposi^i^on of / 
tlie atmosphere ' with ,regir<i to minor const i tut ents^* par^ib>il«e loadinjg, and' 
^erosols "ca^have a, major effect oh'climate. The measured concentration of 
carbon dioxide has ^ncrea* ed about 25% in the last century/ Substantial * 
variations ih stratospheric ozone' concentration are also sufpected. Particulate 
goading and aerosol concentration are also believed to.be increasing, although 
reliable Sata are lacking, -Clearly, the ihteilig^nt management of- man's * 
activities requires^ careful monitoring of the atmosphere. in order to establish 
a baselinfe, to idetect ti^ejids, and to detect climatic changes. Satellite r.emo,te- 
sensing technicfue^ provide a possible major' contribution to such a monitoring 
program, A ^niwfiber of promising techniques are to be tested on NIMBUS-G to 
demonstrate their effectiveness. " / . • » 



RECQM^tWATIOll - An operational capability to monitor alimatically 
ihport<^ . atmospheric constituents^ particulate logdin^^\ind aerosols should 
he undertaken as quickly as possible^ , . * ' •* 

^ " \ • ' • / ' - / 

ACCURATE DETERjIlINATION OF OCCURRENCE *AND INTENSITY OF PRECIPITATION, 
SOIL MOISTURE, AND JfATER CONTENT OF SNOW 

Microwave emission 'has been used experimentally to deli-n^ate areas where ^ 
hes.vy precipitation is^Sccurring\ Such observations are#*most easily made over , 
th(: ocean where there .is substantially lowdr surface emission at tliese' frequen- 1 
cids. Results^ have b^n sufficiently encouraging to warrant the development of, 
an R5D progTs^ to measure- precipitation dn^a waAd-wide basis \ Such observations 
'woiild be' .particularly valuaT5le not only in meteorology but also, in a variety of 
other .disciplines, suCh a^ water resources and agriculrturfe^\ '$oil moisture and 
the water content-^jf srtow may also be measurable through fiie lise of microwav-es, 
Th^ difficulties ofrh^trumentation are^many. Nevertheless,, these types of 
ob£ ervations, whicn can best be m&de.£rom metearoiogicai satellites, would 
provide invaluable ihformation. An appropriate R§D program shjoixld be irfitiated, 
to^determine X]\e feasibility of such measurements. , ^ ^ * 

,^'^i:c6wmDATI0N - The PamLj^ecommends an R&D effo^^i^4^ produde sensing 
and prcdessirig systems, to f^rovida informatiorj, on the "bccurrence and^intensity \ 
of precipitation land on the rtioisjture content of saijl an<} snou cover., ; 

IMPkoVED DETERNIINATION AND EVALUATION' OF 
THE ACC<filACY OF EARTH OBSERVATiONS FROM SPACE ^ • 




It is essential tpat user^ have access to detailed information concerning. 
*th'e accuracy of meteorological measurements derivecf from satellite .'sensor 
systems. A series of carefully planned gtound-air-verification experiment's 
will be nfeeded to comparfe^he satellite-based observations with those .obtained 
by the various landpbased techniques. Irtformation should also be provided on 
the horizontal and ^rtical resolution's of the sensors^ystems aixd the derived 



observations . 
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' RECOW^EIWATION - The Panel recommends that observations ob'taified .cr derihed 
^from 'satellite sensors Id checked regularly against i^hoas from ground-based 
observing netkcds ,vith knvim- degrees of accuracy. Jiesidis of such verification 
tests should be piSlished and furnished 'to users alonjg with the daia, Injorma-^ 
tion on the ^fectivje hoHzontal and verHcal resolictions of the observations 
should be provided as well. ' ■ ' ^ * ' 
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DATA MANAGEMENT * . 



It is evideivt ,th^t meteorologipaa satellites of the future will- necessarily ^ 
provide information to a much broader category of users than does'*!:}!! present 
syste*m. New data-man^agement techniques will have to be implemented to diss.eminate . 
"ippropria.te jlata to a variety of ixsei^s on a , current hj|is. ♦In addition, the 
cat^g(^rizijig and storing ^of historical daita for climate-prediction models and ^' 
other future uses will ijeed to be more comprehensive aW flexible. This 'is by 
no means a tlriArial prbblem, Thq vast , amount^, of raw data transmitted to the 
•Aground byl weather satellites" make$ .it .mandatory to undertake a substantial sa^ourft . 
of procpssi,ng before the .data are ;^tpred. -A ^eat deal of thought must gofinto 
deter^iining the optimum method ai;id!i system of processing in- order to achieve, maxi- 
mum ctimptes^ion of data .with a^iiinimma loS^^of flexibility to. potential users. 
In studying this profeF^,^ ihe* nebfe^f .^it^s^ ?^M?.^^5ya ifea^er forecasting' - 
mus.tjhe fiilly <;oi4i^fed/ ^i^^SO^f^ m^'^Mj^^^ system, considera-^ 

t^dn Eust 'also'be givVen to output of certain standard j^roducts such as 
average-cloyd charts, mean t«nipera^ure^ or'.average IR emission. 

. ' , ^ ^ . h*V ' ; ^ r- * * 

• RSCOM'iENDATION The Pa?iel recofMerids that a oomprehensive- datarmcmagernent , 
scheme he i^leneiited to utili'ze and stove mor^^ffeotii>ely. vast quantities' r 
of irifomcttian being obtained hy 'meteorological satellites. ,Yhe data systSji . 
should function to- (1) pi^cvide m^f^^ralo^ta^l information to the ):)roc£d (:ategor§ 
of imers ]:iot directly in weather^m'ecasting^ (^) catalog and store infprmation. 
for future use/ and* (S) design^ develop^ disseminate^ and store sets of informa- , 
ti^ product § derived from satellite ^ data, t ' • ' ' , • • 
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USE OF SPACE SHUTTLE AND SPACELAB 




Thfi space shuttle and spacelab will be useful for three kinds of activity 
important to meteoroLbgy and climate: . * ^ . ' ' ' 



1. As a convenient test bed for very exploratooy expetiments\ . 
such aj high-power laser Ram'an spectroscopy to Betermine the 
. gas composition of the stratosphere, high-power "laser experi- 
. -ments to map stratospheric aerosol layers, and active radar 
experiments to map precipitation intensity. 

2« As the only way now contemplated of providing means to obtain 
accurate* absolute calibration of radiation sensors observing* 
both incoming solar and out-gping terrestrial radiation,' 
Secondary or even primary laboratory-type radiation standards 
can be carried; 'perhaps once per year, on space-shuttle flights 
„to obtain accurate observations against which to calibrate the 
* saf'ellite.insTruments.* ^ 

. ;3. As a means of conducting zero-g^ experiments, A. series of 

specialized zero-g cloud-physics experiments has been proposed, - 
which is the subject of a current feasibility study. These 
experi^nents look promising but it is premature to draw any 
firm conclusions conceding their importance to cloud-physics 
problems and their desirability for inclusion in t^e spacel^iB^ 
program. 

In addition, thfe space shuttle is expected to have adequate^erfoi^ance 
f<yr emplacement, servicing and replacement of operational low-altitude weather 
satellites. Tug service is required for emplacement of geostationary weather 
satellites. These services will b^ viable onlj; if meins can be provided to 
share shuttle and tug ptyload-space and costs so that services are affordable. 
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FUTURE APPLICATIONS . 



■ L«t ■ r ' 

The space applications program in meteorology is a mature effort • In 
addition to the operational system, a well developed R§D program exists. Mosf 
novel ideas for meteorological observations from space have at least been dis- 
cussed. Under the circumstances, it would he surprising indeed if the present* 
Panel, were able to identify major new opportunities fpr future development. It 
SiiOuld be noted', however, that some of the recomendations set forth herein 
involve advanced technology and may require two or nrore decades -to implement 
fifny. ' ' • . ' • 

, This report would be deficient, however, if additional comments were not 
presented with regard to observational techniques. which look promising for the 
future but have not been mentioned in the recommendations of the Panel. The 
first of these is radar, which might be used effectively in the global measure- 
ment of precipitation occurrence and intensity. Problems of background inter- 
ference and power jiemand must be overcome. Doppler radar conceivably copld be 
used to measure the wind velocity in 'clouds. A related long-term potential is 
the use of lasers, and the Dopplet principle for wind deterainatiofi in 'dear air 
A different kind of possibility is the establishment of an earfh-oriented 
meteorological observatory on the itoon. A simple first experiment •for such an 
observatory might be the measuremert of the earth'*s albedo. 
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SUMMARY 



Many of the important recommendations made in the 1967-68 Summer Study on 
Space Applications* have been implemented and have become or are no^ becoming 
integral parts of the U.S. meteorolog)* program. Other recommended developments 
have not yet reached maturity. They are still in the research and development 
(R§D) phase, although the outlook is promising that they iJill be incorporated 
into the next generation of operational satellite systems. The emergende of 
an intematidnal program, the Global Atmospheric Research Program (GARP), with 
specific observational requirements has^elped to stimulate and accelerate much 
of this development. The First CARP Global- Experiment. (FGGE) will* provide in , 
1978-79 an inteiisive programmatic test of the applicability of these systems to 
specific research and to protot>T)e operational "needs on a global basis. 

New needs are how apparent that are much broader than the GARP observa- 
tional experiments and also encompass a much broader range of users than the 
weather-forecasting community. The Panel on Weather and Climate has specific 
recommendations in the following'^areas: ^ 

4 

' PRESENT-WEATHER, DISPLAY 

, Current and projected satellite system^ provide the possibility of supply- 
ing timely, nearly instantaneous monitoring of small to medium weather systems 
whos^ occurrence Impacts diverse industrial, commercial, and slgricul^ral 
communities, as well as the general public. The projected three-aJcis-stabilized 
geostationary satellite with high-resolution imaging and sounding capability 
will be a central obsQrvitional tool. for such applications. The information, 
from this system will be greatjy enhanced in value if coupled with economical 
equipment for dixect ground readout dnd preceding and^with means of automa>tic 
dissemination of a Variety of products to end users. The Panel reoorjnends RiD 
of such a capability for public information distributicni. • ... 



*National Research Council. * Useful Applications of Earth-Oriented Satellites: 
Report of the Panel on Meteorology (Panel 4). National Academy of Sciences,* 
"Washington, D.C., 1969. 
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Short-range forecasts (2 to 12 hours) 

The advanced geostationar>'-sateUite system could be used in conjunction 
with" land-based systems to identify and develop very short-range forecasts of 
,severe storms and weather systems that produce floods, heavy snows* and other 
events of important impact. 

* SYN-OPTIC FORECASTS (1 "to 7 DAYS) ^ 

J The First GARP Global Experiment (FGGE) , scheduled in 1978-79, is designated 
td study the synoptic rang« of weather systems (systems of 1 to 7 days in 
duration). Projected performance of ^sensor systems for that period indicates 
that the FGGE requirements will be met only marginally; 7^ TaneU reoomiends 
ccTLtinuea RdD ^fforvs or. rencte-serising techniques to assure that FGGE require- 
ner.ts will he rr.et. * • . ' - 

A 

LONG-R^NGE WEATHER AND CLIMATE PREDICTI05l 

Lonf^range weather and clim^ate prediction is an important area of activity 
which is now receiving much attention and is ripe for scientific investigation. 
Satellite systesjis will make it possible to observe and monitor on a^'long-term 
basis many of the physical factors thought to be critical to establishing the 
mean or statistical state of the atmosphere for seasons, years, or decades. 
Many of these factors are m^anifested in their effects on the radiation budget 
of the land-air-ocean systsa. Hence, critical attention cmst be paid to calibra- 
tion,, intercomparison, and periodic in situ r-ecalibration .of radiation sensors 
on spacecraft, pie Panel reccrrTnends initiation of observation of a number of 
Xhese clinatic factors; an intensivja prpgram^o, investigate the time and space 
sarrcling needed to produce neaningfut average valvues for large regions, as well 
as f or ^ the ^ entire globe^ and the development of caparison and in-flight,, 
reoalibraticK procedures^ that ifill make it possible t<? identify secular changes 
that r:au he related ti> ^lu^Mc trends or variations* Among such important long- 
term climatic factors are th^ incoming and outgoing radiatiort; the planetary" 
albedo; the heat content of the mixed layer in the oceans;' the distribution of 
clouds at low, middle, an^ high levels; and any significant changes surface 
features such as vegetation, land use, and snow and ice cover. 

— / 

OTHER USES OF KEAJHER DATA ' ' 

Much ^if the infoi*ination gathered by satellites for meteorological forecast- 
ing use can also be proc^sed for use hy, other groups. Moreover, there are 
additional parameters that could be obtained that would be of great use jLn agri- 
culture and hydrology, to name but two fields. The Panel reoarmends that addi^ 
tional user groups be brought into the decisian-^king process of setting 
priorities for the dcvelcpnent of new observing technique^ and for the processUng 
and storing cf meteorological data^ so that as wide as possible a spectrum o/- 4 
user groups Qon benefit fron the space-based meteorological satellite systems 
of^the future. 
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INTERF/«E KITH SPACE TRANSPORTATION SYSTEM 

, The Panel beli^veS' t:hat the spacet buttle and spacelab can contribute 
uniq^iely to solution the. radiation- calibration problem by permitting secondary 
and (in the future) even ^rij3ar>- standards to be use^i for in-flight calibration 
of satellite sensor systems'. Spacelab can also be used for accelerating R§D 
sensor system developn^ent v ' ^ 

The space shuttle is Expected to have* adequate perfoipiance' for emplacement, 
ser\-icing^ and, replacement of operational low-altitude weather satellites. Tug 
serC-ice is required for emplacement of geostationary weather satellite . These 
services will be viable only if means, can be provided to share the shuttle and 
tug payloa^^ace and costs so that the services are affordable. * . 
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